Background: Over 3,000 species of octocorals (Cnidaria, Anthozoa) inhabit an expansive range 25 of environments, from shallow tropical seas to the deep-ocean floor. They are important 26 foundation species that create coral "forests" which provide unique niches and three-dimensional 27 living space for other organisms. The octocoral genus Renilla inhabits sandy, continental shelves 28 in the subtropical and tropical Atlantic and eastern Pacific Oceans. Renilla is especially 29 interesting because it produces secondary metabolites for defense, exhibits bioluminescence, and 30 produces a luciferase that is widely used in dual-reporter assays in molecular biology. Although 31 several cnidarian genomes are currently available, the majority are from hexacorals. Here, we 32 present a de novo assembly of the R. muelleri genome, making this the first complete draft 33 genome from an octocoral. 34 Findings: We generated a hybrid de novo assembly using the Maryland Super-Read Celera 35 Assembler v.3.2.6 (MaSuRCA). The final assembly included 4,825 scaffolds and a haploid 36 genome size of 172 Mb. A BUSCO assessment found 88% of metazoan orthologs present in the 37 genome. An Augustus ab initio gene prediction found 23,660 genes, of which 66% (15,635) had 38 detectable similarity to annotated genes from the starlet sea anemone, Nematostella vectensis, or 39 to the Uniprot database. Although the R. muelleri genome is smaller (172 Mb) than other 40 publicly available, hexacoral genomes (256-448 Mb), the R. muelleri genome is similar to the 41 hexacoral genomes in terms of the number of complete metazoan BUSCOs and predicted gene 42 models. 43 Conclusions: The R. muelleri hybrid genome provides a novel resource for researchers to 44 investigate the evolution of genes and gene families within Octocorallia and more widely across 45 3
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51
Organism Description 52 Octocorallia is a subclass of Anthozoa (Phylum: Cnidaria) that is comprised of three 53 orders: Alcyonacea, Helioporacea, and Pennatulacea [1] . The Pennatulacea, commonly known as 54 sea pens, are a monophyletic group [1, 2] and are the most morphologically distinct group of 55 octocorals [1, 3] . Sea pens differ from other octocorals by exhibiting the most integrated colonial 56 behavior, with colonies arising from an axial polyp that develops into a peduncle-used to 57 anchor the animal into soft-sediments or onto hard surfaces-and a rachis that supports 58 secondary polyps [1, [3] [4] . There are 14 valid families of Pennatulacea distinguished by the 59 arrangement of the secondary polyps around the rachis [1, 4] . The monogeneric family 60 Renillidae Lamarck, 1816 consists of seven species [5] , unique because of their foliate colony 61 growth form [1, 4] . 62 Renilla is found naturally on sandy, shallow sea floors along the Atlantic and Pacific 63 coasts of North and South America [3, 4, 6] . The brilliant bioluminescence and endogenous 64 fluorescence of these animals have led to them becoming important organisms in microscopy 65 and molecular biology. Isolated originally from R. reniformis, the enzyme luciferase (Renilla-66 luciferin 2-monooxygenase) is used in dual luciferase reporter assays, which are commonly used 67 to study gene regulation and expression, signaling pathways, and the structure of regulatory 68 4 genes [7] [8] . The green fluorescent protein from Renilla has medical applications as well as 69 general molecular biology and imagery uses [9] . In addition, the compounds produced by Renilla 70 for chemical defense [10] may be important sources for discovery of marine natural products 71 [11] . Thus, a genome of the octocoral Renilla is highly valuable to the scientific community, 72 providing a novel resource that has a range of important uses-from molecular biology to 73 comparative genomics. 74 Due to the known difficulties of resolving lengthy repeat regions with Illumina-only data 75 [12] [13] , we used a hybrid assembly approach [13] [14] , combining long-read Pacific Biosciences 76 (PacBio) data with short-read Illumina data. Studies have shown that a hybrid approach results in 77 a more complete assembly with less genome fragmentation [15] [16] [17] The stats.sh program from BBMAP v. 36.14 (bbmap) [31] was used to generate general assembly 138 statistics for genomes produced by both programs (Table 1) . 139 The MaSuRCA assembly resulted in a 147-fold decrease in the number of scaffolds 140 generated, and a 70-fold increase in the N50 contig size (70.522 KB) as compared to the SPades 141 assembly (1.007 KB); it also had more complete BUSCOs present (Table 1) . Other statistics also 142 indicate that the MaSuRCA assembly is much less fragmented than the SPAdes assembly (Table   143 1). Therefore, we used the MaSuRCA assembly in further analyses. 144 To improve the quality of the draft MaSuRCA assembly, six iterations of Pilon v. Illumina MiSeq genomic reads to the draft assembly, and the resulting alignments were input to 148 Pilon, which was run on default settings. A total of 52,668 SNPs were corrected, along with 149 14,702 small insertions and 11,841 small deletions ( Supplementary Table S1 ). 150 To remove haploid contigs that were not merged during assembly, we ran BLASTn 151 against the contigs themselves (-max_target_seqs 10, -evalue 1e-40) to find contigs that were 152 highly similar. The custom script haplotypeblastn.py version 1.0 [34] filtered the BLASTn 153 results by flagging matches that were greater than 75% identical and longer than 500 bp in 154 length. The contigs that were identified as unmerged were subsequently removed using the 155 select_contigs.pl script [35] . A total of 59 scaffolds, which amounted to 67 contigs and 384 kb, 156 were removed from the assembly. 157 The bbmap program stats.sh was used to generate assembly statistics on the haplotype-158 removed assembly [i.e., "final assembly", (Table 1) ]. BUSCO analysis using the metazoan 159 orthologs was again used to estimate the completeness of the final assembly, with the flag -long 160 8 to produce higher quality training data for the downstream annotation. 857 (87.63%) orthologs 161 were present in the final assembly (Table 1) . This final R. muelleri assembly was masked, using 162 RepeatMasker v.open-4.0.6 (-species eukaryota -gccalc -div 50; RepeatMasker, (Table 2) . BUSCO with the 180 metazoan lineage (-m prot) orthologs was used to assess the quality of the prediction, finding 181 84.87% (830/978) orthologs (Table 2) . 204 We also used BLASTp (-evalue 1e-10 -seg yes -soft_masking true -lcase_masking) to 205 map the predicted genes against a newer N. vectensis dataset that was generated using RNA-Seq 206 10 (hereafter called the Vienna dataset) [47] [48] . A total of 63% (15,001) of the predicted genes 207 (23,660) mapped to the Vienna dataset (25,729) (Supplemental File 2). As above, the predicted 208 genes that did not map were remapped with a lower e-value (1e-5), resulting in 2,071 additional 209 predicted genes mapping to the N. vectensis Vienna dataset. In total, 72.15% (17,072) of Genome Assembly Comparisons 216 We compared the R. muelleri genome assembly to previously published anthozoan (e.g., 217 corals, anemones) genomes using a variety of assessment statistics ( Supplemental Table S2 ). 218 BUSCO was used (-m geno) to assess the completeness of six hexacoral genomes and a draft R. 219 reniformis genome and compare these results to the hybrid R. muelleri assembly (Fig. 1) . We 220 found the BUSCO-completeness of our R. muelleri assembly (857) to be more similar to the 221 well-curated assembly of the model organism N. vectensis (893) [49] [50] Fig.1) [58] . 227 The number of predicted genes was highly similar across all anthozoan genomes 228 ( Supplementary Table S2 ). The range of predicted genes was 21,372 to 30,360 across the six 229 11 hexacorals. The number of predicted genes (23,360) for R. muelleri was similar to the 23,668 230 genes predicted for A. digitifera. 231 Interestingly, the genome size of R. muelleri is considerably smaller (172 Mb) than other 232 hexacoral genomes . Of the hexacorals, the anemone Exaiptasia pallida has the 233 smallest genome size of 256 Mb, while the others have genome sizes >300 Mb. As indicated by 234 [56], E. pallida has smaller and less frequent introns. Similar to E. pallida, exon sizes were 235 larger in R. muelleri (249 bp) compared to the hexacorals (208 to 230 bp). These results suggest 236 that there may be comparatively fewer non-coding regions in R. muelleri because the number of 237 predicted gene models in R. muelleri is similar to hexacorals, yet the exon sizes are larger and 238 the genome size is smaller in R. muelleri. In addition, repetitive elements in the R. muelleri 239 genome may be less frequent, however, this remains to be further examined. 240 We also compared the mitochondrial genome to the previously published mitogenome of 241 R. muelleri [59] . We used BLASTn to search for the mitogenome among the contigs (included as 242 the last contig in the assembly) and recovered the entire 18,641 bp circularized, mitogenome. 
